The demand for and hence the cost of health care are increasing in all countries as the improvement and sophistication of health technologies increase. Medicines form a small but significant proportion of total health-care costs and one that has been growing consistently as new medicines are marketed. Many governments are focusing their activities on promoting the effective and economic use of resources allocated to health care.\[[@ref1]\]

Pharmacoeconomics can be defined as the measurement of both the costs and consequences of therapeutics decision-making. Pharmacoeconomics can assist in the planning process and help assign priorities where, for example, medicines with a worse outcome and lower cost can be compared with medicines with higher cost and better outcomes.\[[@ref1]\] There are number of methods available for pharmacoeconomic assessment like cost-effectiveness analysis, cost of illness (COI), each of which will be used depending on the outcomes desired and interventions targeted.

The impact of diabetes on expenditure of health care has been increasingly recognized. A number of studies on "COI" have shown a 3 times raise in the direct costs of diabetic patients compared with nondiabetic patients in the different health-care systems. Recent studies have shown that people with diabetes are more likely to develop acute and chronic complications related to uncontrolled diseases. Moreover, these complications have impact on increase in the costs of hospitalization and drugs. The excess costs were mainly due to an increased hospital admission, costly outpatient\'s treatments, higher costs for nursing home care, and increased drug usage. Diabetes is closely associates with other chronic conditions, which further increase the cost of treatment, especially hypertension, lipid disorders, and cardiovascular disease.\[[@ref2][@ref3]\] In a study at Canada on the cost of management of diabetes, it has been reported that cardiovascular disease was the main risk factor to the direct cost of diabetes. Therefore, it has been suggested that prevention of cardiovascular disease in the patient with diabetes should become an imperative.\[[@ref4]\] In India, cost studies in diabetes were conducted by the Kapur, Ramachandran, and Grover at Bengaluru urban district, Chennai, and North India, respectively. Whereas the present study was conducted in a major tertiary care hospital of Udupi district of South Karnataka. Many patients from rural area and nearby states were also getting treatment in this hospital. Although COI studies are done in India, it was not done in this locality. Furthermore, we wanted to compare the results of COI studies conducted in other parts of India.

Objectives {#sec2-1}
==========

The objective of this study is to determine the COI for diabetic inpatients in South Indian tertiary care hospital.

Methodology {#sec1-1}
===========

The study was conducted in the general medicine units of Kasturba Hospital, Manipal, after obtaining ethical approval from the Institutional Ethics Committee.

To collect the data, COI questionnaire was prepared by referring literatures to document relevant cost involved in the treatment of the diabetic patients.

The questionnaire was validated for suitability and appropriateness by a group of physicians and clinical pharmacists. It includes demographic of the patients such as age, sex, educational information, and occupation. It also contains direct medical cost such as cost of drugs, investigations, consultation, interventions and hospitalization, and direct nonmedical cost such as transportation and days lost from work.

The sample size for the study was calculated by absolute precision method. The expected rate of admission of diabetes patients in our hospital is approximately 7% of total admissions per year with a margin of error (precision) fixed at 5% and 95% confidence level. The sample size was calculated using nMaster version 2.0, Christian Medical College, Vellore, India. The calculated sample size was 100 patients. However, 116 patients were included in the study purpose.

A total of 116 each of diabetic patients with (any) or without complications admitted in the medicine wards in the year 2011 who were ready to give consent were interviewed and relevant data\'s were documented in validated COI questionnaire and evaluated for following parameters.

Demography of Type 2 diabetic patients with or without complicationsGender-wise patient distributionAge group-wise patients distributionBody mass index (BMI) status of the patientsEducational status of the patientsOccupation of the patientsYear of diagnosis of diabetesRegarding place of residence (urban/rural).Complications status of diabetic patients with complicationsDrugs used in the treatment of these patientsVarious direct medical, direct nonmedical costs, and total cost involved in the diabetes care.

Statistical analysis {#sec2-2}
--------------------

All the data were presented as descriptive statistics using SPSS version 20.0, IBM Corporation, New York, USA, as statistical software. Mann--Whitney U test is used to assess the statistical significant difference between the total costs involved in the treatment of diabetes alone and diabetes with complications. *P* \< 0.05 was considered statistically significant.

Results {#sec1-2}
=======

Demographic/social characteristic of the diabetic patients {#sec2-3}
----------------------------------------------------------

For the study purpose, patients were categorized into two groups: diabetic patients without complications and diabetic patients with complications. A total of 116 subjects were enrolled in both the groups. Various demographic and social characteristics of diabetic patients such as gender-wise distribution, age group-wise distribution, and BMI of the diabetic patients, educational status, occupational status, duration of diabetic history, and residential status of the patients are represented in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

###### 

Demographic characteristics of diabetic patients
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###### 

Socioeconomic characteristic of the diabetic patients
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Diabetic complications {#sec2-4}
----------------------

Among 116 diabetes mellitus (DM) patients with complications, 43 (37.1%) had microvascular complications, 16 (13.8%) had macrovascular complications, 50 (12.9%) had infections, 23 (19.8%) had microvascular complication and infections, 9 (7.8%) had combination of micro- and macro-vascular complications, and 10 (8.6%) had combination of macrovascular complication and infection. Data are presented in [Table 3](#T3){ref-type="table"}.

###### 

Diabetic complications

![](JPBS-8-314-g003)

Types of drugs prescribed {#sec2-5}
-------------------------

On the evaluation of management of diabetes, out of 116 patients without complications, 31 (26.7%) patients received insulin alone, 56 (48.3%) patients received oral antidiabetic drug (OAD) alone, and 29 (25.0%) patients received both insulin and OADs.

Among 116 DM patients with complications, 43 (37.1%) received insulin alone, 28 (24.1%) were received OADs, and 45 (38.8%) received both insulin with OADs. Data are presented in [Table 4](#T4){ref-type="table"}.

###### 

Types of drugs prescribed
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Cost of illness {#sec2-6}
---------------

Various components of cost in terms of Indian Rupees (Rs.) for diabetic without complications and diabetes with complications for patients who are admitted in the medicine wardsare given in the following tables with its median and inter quartile range (IQR).

Direct costs {#sec2-7}
------------

### Direct medical cost {#sec3-1}

It includes the cost of medications required for each month per patient. On average, diabetic patient without complications spend Rs. 917.73 compared to the diabetic patients with complications who spends on an average of Rs. 1448.51 per month. Annual cost of drug treatment per patient with or without diabetes is represented in [Table 5](#T5){ref-type="table"}. Annual cost of medication is 1.6 times higher for diabetes with complication compared to diabetic patients without complications.

###### 

Cost of drug treatment per month per patient
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### Annual cost of insulin, oral antidiabetic drugs, and insulin plus oral antidiabetic drugs per patients {#sec3-2}

Annual cost of therapy per patient, who are on insulin alone, OADs alone and insulin with OAD combination in the both the groups is given in the [Table 6](#T6){ref-type="table"}. Patients who were on insulin had to spend 2.8 times higher, and patients who were on insulin plus OADs have to spend 4.3 times higher than patients who were on OADs alone.

###### 

Cost of insulin, oral antidiabetic drugs, and insulin plus oral antidiabetic drugs per patients per month
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### Total cost of illness or total cost of diabetic care per patient {#sec3-3}

Total COI includes all the cost of treatment, investigation, consultation fee, intervention cost, transportation, days lost due to work, and hospitalization. [Table 7](#T7){ref-type="table"} describes COI for patient groups such as diabetic patients without or with complications and groups having additional interventions such as dialysis and cardiac interventions. Common complications of diabetes include peripheral neuropathy and infections. COI for DM with complication is 1.4 times higher than those without complications. Those patients who undergo dialysis in addition to the complications spend 7.3 times higher than those without complications. Patients who undergo cardiology intervention along with complications spend 7.4 times higher than patients who do not have complications. All the values are represented in either in median or median with IQR.

###### 

Annual cost of Illness of diabetes care per patient
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Discussion {#sec1-3}
==========

An increase in the prevalence of diabetes all over the worldwide due to raise in population, aging, urbanization, and lifestyle changes that is physical inactivity results in an increase of obesity. Unlike in the West, where older people are the most affected, diabetes in Asian countries, it is high in the young to middle-aged adults. This could have long-lasting adverse effects on a nation\'s health and economy, especially for developing countries. According to the fifth report of the International Diabetes Federation, the second highest numbers of diabetics are present in India.\[[@ref5]\] The increase in the prevalence of Type 2 diabetes produces a major clinical, economic, and societal burden in India. The cost of diabetes care is more and is increasing worldwide.\[[@ref6]\]

Recently, many studies on the impact of diabetes on cost concluded three major observations. First, diabetes imposes a financial burden on people with diabetes and their families. Second, diabetes leads to loss in productivity and economic growth. Last, the highest economic burden caused by diabetes is the monetary value associated with disability and loss of life as a result of the disease itself and its related chronic complications.\[[@ref7]\] The present study is aimed at assessing the cost of diabetes care with or without complications. In this study, 116 diabetes patients with complications and 116 patients without complications were enrolled. Among them, majority were males, 60.3% in without complication group, and 73.3% in the complication group. The study showed that probability of getting complications in males (*P* = 0.036) is 1.8 times higher than in female (odds ratio is 1.8). Approximately 80% of diabetic patients in both the groups were above 40 years. Moreover, majority of them were in the age group of 40--60 years, namely, 55.9% in noncomplication group and 56.9% in with complication group.

Diabetes has long been linked to obesity and being overweight. Obesity causes insulin resistance and thereby DM.\[[@ref8]\] In our study, we observed that 53% of diabetic patients without complications were overweight or obese and in diabetes with complication group, 68% of patients were either obese or overweight. Boffetta *et al*. reported that there is a strong association between BMI and the prevalence of diabetes in Asian populations.\[[@ref9]\]

When we observed, the education background, we found that 80% of diabetic patients in the both the groups were below high school education and some were illiterate. Many socioeconomic factors such as education and occupation will affect the time of diagnosis and thus the outcome of diabetes and cost of management. The diagnosis was delayed by 3--7 years in the less-educated and illiterate division of the population according to the cost of diabetes in India (CODI) study.\[[@ref10]\] The age of diagnosis was directly related to the level of education: Educated people were diagnosed 7 years before people with no literacy. Moreover, diabetes-related complications are less in educated people despite of longer duration of disease compared to low or no literacy. Education appears to play a role in the development of diabetes complications. For people with a similar duration of diabetes, 45% of those who finished higher education had no complications, compared to 20% for the no-literacy group.\[[@ref11]\]

Although in our study, unemployed people were very few, many of them were laborers and house wives. Symptoms produced by Type 2 diabetes are often weakness and tiredness. This can be ignored by unemployed people, but those working are more likely to recognize these symptoms as these influence their efficiency in the work. Among people with similar diabetes duration, less complications are observed in people with higher socioeconomic group compared to the lower socioeconomic group.\[[@ref11]\]

Regarding the duration of diabetes in the study population, 60.8% diabetic patients in without complication group had \<5 years of history of diabetes, whereas in diabetes with complication group, 64.6% of diabetic patients had above 5 years of history of disease.

In the present study, diabetic patients were from both urban and rural areas. Majority from rural area (57.8%) were in the group DM with complications. When we studied the association between complication and status of residence, there is an association between complications of diabetes and residential status (*P* = 0.026). The odds ratio of rural/urban is 1.8. It means chances of getting complications in rural diabetic patients are 1.8 times higher than urban population. In the prevalence of diabetes in India study, reported prevalence of diabetes based on the WHO criteria was 5.6% and 2.7% among urban and rural areas, respectively.\[[@ref12]\] Reports from various parts of India showed further raise in the prevalence of diabetes in urban areas. Moreover, the diabetes prevalence was also found to be increasing rapidly in rural areas as a result of the recent socioeconomic transitions.\[[@ref13]\]

In the CODI study, it was reported that people in urban area diagnosed early compared to rural areas. Even place of residence plays an indirect role in the development of diabetic complications. People with diabetes living in the semi-urban or rural areas have higher rates of complication - despite less duration of diabetes - than those in urban areas.\[[@ref14]\]

In the present study, we observed that majority of DM patients without complications were on oral anti-diabetic drugs, i.e., 48.3%. Those who had complications were either on insulin (37.1%) or on Insulin with OADs (38.8%). This may be due to the severity of their disease. Among complications, majority of them had microvascular complication (37.1%). 8 patients were on dialysis and 4 patients had cardiac intervention.

The CODI study was a large community-based survey of diabetes, and it showed that ambulatory care constitutes 65% cost; whereas hospitalization costs 35% and therapy costs 31% of which specific anti-diabetic drug cost was only 17%. Ambulatory care included monitoring and doctor visits constituting 34% of cost.\[[@ref14]\] In a study conducted by Grover *et al*. in North India reported that the total cost of diabetes was estimated at 14517.42 rupees per person annually. Moreover, the direct cost of care of diabetes was estimated to be 71.25% of the total cost; indirect cost was 28.75%, and providers cost was 2.83% of the total cost. The greatest amount of money was spent by the patients to buy the drugs that are 42.38% of total cost.\[[@ref15]\]

Ramachandran *et al*. and others reports that the average annual expenditure of those who attend the specialty center is quite high averaging from Rs. 3000 to Rs. 48,000 depending upon the center where patients are treated or type of complications they have.\[[@ref16][@ref17][@ref18][@ref19]\]

In the present study, we calculated direct medical cost, which includes the cost of drugs, investigations, consultation, hospitalization, and any intervention cost. Direct nonmedical cost which includes the cost of transportation and indirect cost which include days lost due to work. Finally, total COI for diabetes without complication, with complication, with dialysis, and with cardiac intervention was calculated.

Under direct medical cost, median annual drug treatment cost was Rs. 11,012.40 for DM without complication and Rs. 17,382.12 for DM with complication, which is 1.7 times higher than cost of drug treatment for DM without complication. Diabetic patient who are on insulin and OADs has to spend 2.8 times and 4.3 times more, respectively than who are on OADs alone.

Hospitalization charge was 1.2 times higher for DM with complications. For any DM patients on dialysis (usually 2 times per week), they have to spend Rs. 97,920.00 per annum. DM patients, who underwent cardiac intervention, had to spend median of Rs. 72,120.00 per intervention. It showed that annual cost of treatment for those who were on dialysis was 6.8 times higher, and annual cost of treatment for cardiac intervention was 5 times higher than patients who did not have any intervention. Moreover, there may not be much difference in the cost of investigations, consultation cost, transportation, and indirect cost involved in diabetic care.

We found that total COI for diabetic care without any complication was Rs. 22,456.97/- per patient per annum. Median of total COI for diabetic care with complication was Rs. 30,634.45/- per patient per annum, it was 1.4 times higher, median of COI for diabetic care with complication plus dialysis was Rs. 164,211.40/-per patient per annum, it is 7.3 times higher and the median COI for diabetic care with complication plus cardiac intervention was Rs. 166,785.85/- per patient per annum which is 7.4 times higher and statistically significant difference observed between these groups. A similar study conducted by Metgud\[[@ref20]\] showed that cost of outpatient care for diabetic patient with chronic renal failure (CRF) requiring dialysis was 15 times higher than the cost of outpatient care for a diabetic patient without CRF (excluding dialysis cost). Grover *et al*.\[[@ref15]\] reported that total annual cost of diabetic care was Rs. 14.508. It was reported that by Kapur *et al*. that complications were responsible for most of the diabetes-related direct health costs in India.\[[@ref11]\]

The studies have reported the cost of managing diabetic patients with or without microvascular and macrovascular complications. Patients with microvascular complications had higher the cost of management, and those with macrovasular complications had even higher cost of management. Patients with both microvascular and macrovascular complications had highest cost compared with those without these complications.\[[@ref14][@ref16][@ref21][@ref22][@ref23]\]

Difference in the cost and proportions in different studies may be due to the period of study, place, method of collecting the data, and economic values. However, all the studies have concluded that diabetes is a costly disease, and diabetes complication makes it more costly. It is not only a burden to the patient, his family but also to the nation. The cost of diabetes increases manifolds with complications. When it comes to complications, the poor people in the urban and rural areas are more vulnerable because of the delay in diagnosis of the condition and incomplete follow-up and treatment. These groups are also economically vulnerable when they develop diabetes complications. As our country still does not have universal health coverage, it is important to target interventions to these groups in terms of accessibility to education, training, investigation tests, and medications to manage diabetes effectively.

Conclusion {#sec1-4}
==========

In this study, COI of diabetes patients with and without complications were compared. The total cost of treatment per annum in patients without complications was Rs. 22,457/- compared to Rs. 30,634/- in patients with complications. Cost was 7.3 times higher with renal complications and 7.4 times higher with cardiac intervention. It shows that cost of diabetes care is high and escalating. Treatment costs were many times higher in patients with cardiac and renal complications. Complications in diabetic patients will increase the economic burden to family and also to the society. Findings of this study highlight need for early identification and prevention of complications to control the cost of management in diabetes patients.
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